We compile a blue AGN sample from SDSS and investigate the ratio of hard Xray to bolometric luminosity in dependence on Eddington ratio and black hole mass. Our sample comprises 240 radio-quiet Seyfert 1 galaxies and QSOs. We find that the fraction of hard X-ray luminosity (log(L 2−10kev /L bol )) decreases with the increase of Eddington ratio. We also find that the fraction of hard X-ray luminosity is independent on the black hole mass for the radio-quiet AGNs. The relation of log(L 2−10kev /L bol ) decreasing with increasing Eddington ratio indicates that X-ray bolometric correction is not a constant, from a larger sample supporting the results of Vasudevan & Fabian (2007). We interpret our results by the disk corona evaporation/condensation model (Meyer et al. 2000; Liu et al. 2002a; Liu et al. 2007 ). In the frame of this model, the Compton cooling becomes efficient in cooling of the corona at high accretion rate (in units of Eddington rate), leading to condensation of corona gas to the disk. Consequently, the relative strength of corona to the disk becomes weaker at higher Eddington ratio. Therefore, the fraction of hard Xray emission to disk emission and hence to the bolometric emission is smaller at higher Eddington ratio. The independence of the fraction of hard X-ray luminosity on the mass of the black hole can also be explained by the disk corona model since the corona structure and luminosity (in units of Eddington luminosity) are independent on the mass of black holes.
INTRODUCTION
The accretion onto the supermassive black hole is the key process to produce the spectral energy distribution in AGNs, including the Big Blue Bump, soft X-ray excess, Fe Kα lines at 6.4 keV and hard X-ray tail. These observed spectral properties indicate that the cold and hot gas coexist near the central supermassive black hole. According to the commonly accepted theory the optical/UV radiations are emitted from a geometrically thin and optically thick disk (i.e. the cold gas) (e.g., Shakura & Sunyaev 1973 , Lynden-Bell & Pringle 1974 , and the hard X-rays arise from hot optically thin and geometrically thick accretion flows, such as disk corona (Haardt & Maraschi 1991 Nakamura & Osaki 1993; Svensson & Zdziarski 1994; Kawaguchi et al. 2001 , Cao 2009 or advection-dominated accretion flows (ADAF)(e. g., Narayan & Yi 1994 , 1995 Narayan et al. 1998) .
The disk corona model was proposed by Liang & Price (1977) to explain the observed X-ray emission in Cyg X-1. The accretion in the corona is supplied with material and energy through disk evaporation (e.g., Meyer & Meyer-Hofmeister 1994; Liu et al. 1999) or magnetic process (e.g. Galeev et al. 1979; Stella et al. 1984; Liu et al.2002b Liu et al. , 2003 . In AGNs a hot corona sandwiched by a disk is thought responsible to emit the X-rays (e.g. Haardt & Maraschi 1991; Nakamura & Osaki 1993; Kawaguchi et al. 2001; Liu et al. 2002b Liu et al. , 2003 . In the context of these studies it is often assumed that a fraction (f ) of accretion energy is released in the corona in fits to individual AGN spectrum. Questions arise as, is the fraction f dependent on the Eddington ratio and black hole? how does the relative strength of the corona to the disk vary with the Eddington ratio and black hole mass?
In this work, we attempt to investigate these issues from observation. We compile a large blue AGN sample of 240 objects derived from Dong et al. 2008 (hereafter Dong08) , in which the objects are selected from the Sloan Digital Sky Survey (SDSS) DR4 spectral data and less affected by dust extinction. We investigate the correlation between the corona component and Eddington ratio. We show how the coronal luminosity fraction varies with the Eddington ratio and black hole mass for radio-quiet (RQ) AGNs. The results are compared with previous results of Wang et al. (2004) for a sample of 56 RQ AGNs observed by ASCA and Yang et al. (2007) for a combined sample from different observational satellites. Our aim is to study the physical relation between the disk and corona.
The outline of the paper is in the following. In Sect.2 the black hole mass, the optical and X-ray luminosities are calculated. In Sect.3 the overall properties of the sample and the correlation analyses are present. In the Sect.4 the statistical results are interpreted by the disk corona model. The discussion and conclusions are given in Sect.5 and Sect.6 respectively.
THE SAMPLE AND DATA REDUCTION
Our sample is derived from a blue AGN sample in Dong08. These blue AGNs are selected from the Sloan Digital Sky Survey (SDSS) DR4 spectral data, including Seyfert 1 galaxies and QSOs. They are less affected by dust extinction. In order to investigate the relation between the disk and the corona, whether and how the black hole mass and Eddington ratio affect this relation, we select the objects by the following criteria:
-(1) The objects are detected or covered by Faint Images of Radio Sky at Twenty Centimeters (FIRST) survey. -(2) The X-ray flux is available.
-(3) Combining the radio with the optical data, we can determine the radio loudness and the RQ AGNs are selected.
According to the above criteria, we analyze the sample in Dong08. Given the upper limit to the radio flux, 404 AGNs are detected or covered by FIRST. After matching to ROSAT bright and faint SRC Catalogue database ( ROSAT-SRC) with a distance criterion between the optical and X-ray source of ∆ ≤ 60 ′′ (Voges et al. 1994) , we obtain a sample containing 258 AGNs. We use the radio-loudness definition (Ivezić et al. 2002) to divide RQ and radio-loud(RL) AGNs, that is,
where F i and F 20cm are flux densities at I-band and 20cm respectively, i is the I-band magnitude, and t = −2.5 log(F 20cm /3631Jy). Objects with R i > 1 are RL and objects with R i < 1 are RQ. According to this definition, 240 (93%) objects in the sample are RQ and 18 (7%) objects are RL. We mainly analyze these 240 RQ objects in order to constraint the accretion mechanism. The black hole mass, M BH , is a fundamental parameter of AGNs. Different methods have been developed to estimate the black hole mass (Woo & Urry 2002 and reference therein; Vestergaard & Peterson 2006) , of which the reverberation mapping is the most widely used method (Peterson 1993; Peterson et al. 2004 ). In the reverberation mapping method, the distance of the broad line region (BLR) from the central black hole can be deduced from the time lag between continuum and emission lines. By combining the distance with the mesaured emission line width, the black hole mass can be determined. In our sample, we take the F W HM (Hβ) as the circular velocity in BLR. The size/distance of the BLR is given by an empirical relation with the continuum luminosity at 5100Å (Vestergaard & Peterson 2006) . Thus, the mass of black hole for RQ AGNs can be estimated as
10 44 ergs s −1 0.5 + (6.9 ± 0.02).
The bolometric luminosity of AGNs is approximately calculated from optical continuum luminosity, L bol ≈ 9λ L λ (5100Å) (Elvis et al. 1994) . The Eddington ratio (L bol /L Edd ) is then calculated from the bolometric luminosity and black hole mass,
where the Eddington luminosity is L Edd = 1.25 × 10 38 M BH /M ⊙ ergs s −1 . We get the X-ray flux densities from the count rates using the energy to counts conversion factor (ECF) for power-law spectra and Galactic absorption, where the power-law photon indices and the corresponding absorption column densities (N H ) are estimated from the two hardness ratios given by the ROSAT-SRC. With the integrated flux densities in 0.1-2.4 keV and power-law indices Γ we deduce the monochromatic flux at 2keV. After deriving the flux at 2 keV we extrapolate X-ray flux (F int ) in the range from 2 keV to 10 keV by assuming a constant hard X-ray photon index, Γ = 1.9 (Pounds et al. 1990; Reeves & Turner 2000) . The X-ray luminosity is then calculated by the standard luminosity-
where α = Γ − 1 and d L is the luminosity distance related to the redshift and cosmology model. Throughout this paper, we adopt the cosmology model with H 0 = 70km s
Our sample is listed in Table 1 of Appendix A, where column 1 is the object name, column 2 the redshift, column 3 the derived mass of black hole, column 4 the optical luminosity at 5100Å(in unit of 10 44 ergs s −1 ), column 5 the radio flux at 20cm, column 6 the radio-loudness, column 7 and 8 are the derived X-ray data in 0.1-2.4 keV and 2-10 keV respectively. Fig.1 shows the histogram of black hole mass and the Eddington ratio of our sample. It can be seen that the mass of black holes covers a large range from 10 6 to 10 10 M ⊙ . The center of the distribution of M BH for the sources is greater than 10 7 M ⊙ . The histogram of the Eddington ratio of the sample shows that the Eddington ratio ranges from 10 −2.5 to 1.0, most of the objects are at high accretion rate. If the accretion mode in AGNs is similar to that in black hole X-ray binaries, the high accretion rates of our sample indicate that the thin disk extends down to the innermost stable circular orbit, hence the hard X-ray arises from a disk corona rather than an ADAF.
DATA ANALYSIS AND RESULTS

Properties of the Sample
Correlation Analysis and Results
We plot the ratio of X-ray luminosity to the bolometric luminosity vs. the mass of black holes and vs. the Eddington ratio for RQ sources in Fig.2 . In the upper two panels the vertical axis is logarithm of the fraction of hard X-ray luminosity to bolometric luminosity (log(L 2−10keV /L bol )). While in the lower panels, the vertical axis is logarithm of the fraction of soft X-ray luminosity (0.1-2.4 keV) to the bolometric luminosity. Comparing the upper and lower panels one can see that the distribution trends are different for soft X-ray and hard X-ray fraction.
We test the correlations between log(L 2−10keV /L bol ) and log(M BH ) and between log(L 2−10keV /L bol ) and Eddington ratio by the method of Spearman's rank correlation analysis Fig. 1 The left plot is the histogram of black hole mass for our sample. We can see that the center of the distribution of M BH of the RQ sources is nearly 10 8.0 M ⊙ . The right panel plots the histogram of Eddington ratio for the sources. Most of sources are at high accretion rate. (William et al. 2000) . We calculate the Spearman's rank correlation coefficient(ρ) and the two-sided significance of its deviation from zero (P Null ), representing the probability for randomness of the observed correlation of two variables. Significant correlation of two variables is accepted if P null is less than 0.05. For our sample, the coefficient ρ between log(L 2−10keV /L bol ) and logM BH is 0.001, and P Null is 0.988. This means that the fraction of hard X-ray is independent of black hole mass. For the relation between the hard X-ray fraction and Eddington ratio, we get ρ = −0.17, P Null = 0.008. This indicates that for RQ AGNs the hard X-ray fraction correlates with Eddington ratio, with increase of the Eddington ratio, the hard X-ray fraction decreases. This result is qualitatively consistent with the work of Wang et al. (2004) .
In addition, we analyze the correlation of soft X-ray fraction with the black hole mass and Eddington ratio. It is found that the soft X-ray fraction in the bolometric luminosity depends on black hole mass (ρ = −0.26, P Null = 4.085e − 5), in contrast to the case of hard X-rays. The soft X-ray fraction also positively correlated with the Eddington ratio (ρ = 0.18, P Null = 0.005), contrary to the trend of hard X-ray fraction.
INTERPRETATION OF THE CORRELATIONS WITH DISK CORONA MODEL
The hard X-ray radiation from RQ AGNs with high Eddington ratio is commonly thought to be produced from a disk corona as a result of Comptonization of the softer photons arising from the accretion disk (e.g. Haardt & Maraschi 1993; Kawaguchi et al. 2001; Liu et al. 2003; Cao 2009) . If the bolometric luminosity is contributed dominantly by the disk (L d ) and corona (L c ), the fraction of hard X-ray luminosity in the total luminosity represents the strength of the corona relative to the disk. Thus, the negative correlation between the fraction of hard X-ray and Eddington ratio for RQ AGNs indicates that the corona relative to the disk becomes weaker as the Eddington-scaled accretion rate increases.
Theoretical calculation of radiations from the disk corona (Haardt & Maraschi 1991; shows that the spectral shape does not change with accretion rate. In other words, ratio (f ) of X-ray luminosity and bolometric luminosity is predicted to be independent on the accretion rate. To explain the observational correlation between f and Eddintong accretion rate, Wang et al. (2004) , Yang et al. (2007) and Cao(2009) consider magnetic fields and different shear stress tensors. Here we introduce the disk corona evaporation and/or condensation model (Liu et al. 2002a) . We show that even without magnetic fields the correlation can be simply a consequence of efficient condensation of coronal gas to the disk in the case of high accretion rates.
Fig. 2
The fraction of X-ray luminosity in bolometric luminosity vs. the mass of black hole and Eddington ratio for our sample. The top panels show log(L 2−10keV /L bol ) in dependence on logM BH and log(L bol /L Edd ). The bottom panels describe the trend of log(L 0.1−2.4keV /L bol ) varying with logM BH and log(L bol /L Edd ). We can see that log(L 0.1−2.4keV /L bol ) increases with the decrease of black hole mass and the increase of the Eddington ratio.
Assuming that the energy of photons from the disk is amplified by a factor of A ≡ ∆ǫ/ǫ in the process of collisions with electrons when going through the corona, for non-relativistic thermal distributions of electrons A is a function of electron temperature (T e ) and optical depth (τ es ) of the corona,
The fraction of hard X-ray luminosity is expressed as,
In the case of high accretion rate, disk radiations are strong, which leads to efficient inverse Compton scattering in the corona. As a consequence of over-cooling, part of the corona gas condenses into the disk, thereby the optical depth decreases and hence the amplification factor is low. The higher the accretion rate, the lower density of the corona is. Therefore, from Eq.6 one can see that the fraction of X-ray decreases at high accretion rates. Thus, the negative correlation between the fraction of hard Xray luminosity and the Eddington ratio can be explained by the corona condensation to the disk as a consequence of pressure and energy balance between the disk and corona.
Detailed calculations of condensation rate and luminosity have been carried out by Liu et al. (2007) and Taam et al. (2008) . In this model, when the Compton scattering is the dominant cooling mechanism, the luminosities from the corona and disk are respectively as follows (Taam et al. 2008) ,
4kT e m e c 2 n e σ T 4σT dr.
where r = R/R s (R s the Scwarzschild radius), m = M BH /M ⊙ ,ṁ c is the Eddington-scaled accretion rates in the corona andṁ d the one in the disk. Note that for a truncated inner disk lying under a corona,ṁ d comes only from the condensation of coronal gas; While in the case of a full disk coexisting with a corona for AGNs discussed here, the accretion rate in the disk is mainly from outer region, m d =ṁ −ṁ c . We then derive the ratio of corona luminosity and disk luminosity,
In the disk corona evaporation and/or condensation model, the coronal accretion flow is supplied by disk evaporation in the region around 300R s . The coronal flow rateṁ c can be as high as a few percent of Eddington value if the accretion rate exceeds a few percent of Eddington value. However, the coronal flow can condense partially into the disk in the inner region as a result of Compton cooling, and the condensation rate is larger at higher accretion rate. This means that the coronal flow (ṁ c ) is lower at higher accretion rate. From Eq. (9) one can see that the ratio of corona luminosity and disk luminosity decreases with increasing accretion rateṁ. Noting that the accretion rate in unit of Eddington value equals to the Eddington ratio, the disk corona evaporation and condensation model predicts that the ratio of X-ray luminosity and disk luminosity decreases with increasing Eddington ratio, which can explain the correlation obtained from our RQ AGN sample. If magnetic fields are also taken into account as additional heating (Liu et al. 2003; Cao 2009 ), the coronal accretion flow can be higher and the corona can be stronger than that without magnetic fields. But the trend that condensation is stronger at higher accretion rates does not change by the magnetic fields. Therefore, the variation of relative strength of the disk and corona with accretion rates keeps the same trend. Thus, with inclusion of magnetic fields the model will still work in interpreting the correlations.
Another important feature of the disk corona evaporation and condensation model is that the corona structure and evaporation/condensation properties are independent on the mass of black hole if scaled properly. In fact, the model can be applied in both X-ray binaries and AGNs. Eq.(9) shows that the luminosity ratio from the corona and disk indeed does not vary with the mass of black hole. Therefore, the model can explain why for our sample the fraction of hard X-ray luminosity is independent on the mass of black hole.
DISCUSSION
Implication to the Hard X-ray Bolometric Correction
The bolometric luminosity is either estimated from the measured luminosity at 5100Å or from hard X-ray luminosity with fixed correction factors. However, our data analysis shows that the hard X-ray fraction in the bolometric luminosity decreases with increasing Eddington ratio for RQ AGNs. This means that bolometric correction factor from hard X-rays, k 2−10keV = L bol /L 2−10keV , should increase with increasing Eddington ratio. This result is in good agreement with that of Vasudevan & Fabian (2007) , which is drawn from 54 AGNs with available SEDs. Note that in our study we calculate the bolometric luminosity from 9λL λ (5100Å). If the bolometric correction factor for L 5100Å also tends to increase with Eddington ratio (see Fig.15 of Vasudevan & Fabian 2007) , the hard X-ray fraction in bolometric luminosity would be even smaller at higher Eddington ratio for our sample. Therefore, our statistical results support that the bolometric correction for hard X-rays increases with increasing Eddington ratio.
The Constant Photon Index
In order to investigate the strength of corona ie. to get the hard X-ray flux, we use the same photon indices for all objects in our sample to extrapolate the hard X-ray emissiong from 2keV flux. From above analysis, we get a smaller absolute coefficient value (ρ) between the fraction of hard X-ray luminosity and Eddington ratio. However, if we note that for some individual objects the spectra become softer when a source is brighter (e.g., Lu & Yu 1999 , Bian et al. 2005 , Middleton et al. 2008 Saez et al. 2008 ) and this effect is taken into account, the hard X-ray luminosity fraction should change with the Eddington ratio more steeply than our results since here we assume the photon index is constant in calculating the hard X-ray luminosity.
The Origin of Soft X-rays in 0.1-2.4 keV
Our study also indicates that for the same RQ AGNs the fraction of soft X-ray luminosity in the ROSAT energy band (0.1 − 2.4keV) anticorrelates on the mass of black hole, as shown in Fig.2 . If the soft X-ray is also from the corona, the correlation should be similar to that for hard X-rays, that is, the fraction of soft X-ray is independent on the balck hole mass. On the other hand, if the disk emits dominantly in the soft X-ray, the fraction of the soft X-ray to the total luminosity should also be independent on the mass of black hole since both the total luminosity and disk luminosity are proportional to the mass of black hole. We note that the effective temperature of the disk decreases with the mass of black hole (e.g., Thorne K. S. 1974 , Bonning et al. 2007 , σT
1/2 , reaching a maximum at R = (49/36)(3R S ) (see Liu et al. 2007) ,
For AGN with a high mass of black hole, the disk does not emit in the soft X-rays but in the optical/UV band. With mass decreases, the high energy part of the disk spectrum could extend to soft X-ray. Consequently, the fraction of disk contribution to the soft X-ray increases with decreasing of M BH . This could lead to a negative correlation between the fraction of soft X-ray and the mass of black hole, qualitatively consistent with the observational results shown in Section 3. Therefore, the different correlations with black hole mass of the soft X-ray and hard X-ray may indicate that the soft X-rays are contributed from not only the corona but also the disk. Zhou et al. (1997) separated two components in the soft X-ray region through statistic analyzing the Big Blue Bump.
CONCLUSION
We compile a blue AGNs sample containing Seyfert 1 galaxies and QSOs with 240 AGNs being RQ. We mainly investigate the dependence of the fraction of hard X-ray luminosity in bolometric luminosity (log(L 2−10keV /L bol )) on the black hole mass and Eddington ratio in RQ AGNs by using the Spearman's rank correlation. We find that the fraction of hard X-ray luminosity in bolometric luminosity decreases with the increase of Eddington ratio for RQ AGNs. While the fraction of hard X-ray luminosity in the bolometric luminosity is independent on black hole mass for a wide range of black hole mass. The correlation between the hard X-ray and bolometric luminosity suggests that the hard X-ray bolometric correction increase at high Eddington ratio, confirming with a large sample Vasudevan & Fabian (2007) 's results. These observational features support the disk corona model developed by Meyer et al. (2000) and Liu et al. (2002a) . Combining the theoretical model and the wide range of black hole mass in our sample, we suggest that the intrinsic accretion process in AGNs and black hole X-ray binaries be similar. 
Appendix A: TABLE
Table1.The Blue AGNs Sample
Object Z log(M BH ) L 5100Å F 20cm R i log(L 0.1−2.4keV ) log(L 2−10keV ) SDSS (M ⊙ )(Object Z log(M BH ) L 5100Å F 20cm R i log(L 0.1−2.4keV ) log(L 2−10keV ) SDSS (M ⊙ )(Object Z log(M BH ) L 5100Å F 20cm R i log(L 0.1−2.4keV ) log(L 2−10keV ) SDSS (M ⊙ )(Object Z log(M BH ) L 5100Å F 20cm R i log(L 0.1−2.4keV ) log(L 2−10keV ) SDSS (M ⊙ )(
